Introduction
vival of seedlings (Schubert and Adams Reforestation of Pinus ponderosa Laws. in 1971 ) . Reduced drought mortality by shading the southwestern United States is often un (Maguire 1955) probably stems from a reduc successful because of environmental moisture tion in transpiration by lowering needle sur stress. Plant water stress results from an im face temperature, thus decreasing the vapor balance of water absorption and loss often re pressure gradient to the atmosphere. Natural sulting from transplanting and subsequent ex overhead shading also reduced frost heaving of posure to summer drought (Rietveld and ponderosa pine (Larson 1960 ). Heidmann 1969 Schubert 1970) .
The role of artificial shade in survival of Although ponderosa pine probably benefits containerized seedlings has not been deter less from summer shading than most other mined. The purpose of this study was to relate commercial species of the Southwest, studies artificial shading to water stress in container have shown a definite beneficial effect on sur-ized ponderosa pine seedlings planted in the relative water content (RWC) and xylem pres sure potential (P stem ) (Ritchie and Hinckley 1975 (Scholander et al. 1965) within 60 s after the stem was cut.
These same shoots were then used to determine R we, calculated as follows (Weatherley 1950) :
The use of whole seedlings instead of needles (Harms and McGregor 1962) for RWe deter minations was examined in a separate study (Buchanan Fisher and Davault, unpublished) and it was found that: (1) whole shoots and secondary needles are saturated to 100% RWe after 8 h; (2) at p. tem values between -5 and -13 bars (1 bar = 10 5 Pal, there was no statistically significant difference between RWe of whole shoots and needles; (3) the same shoots could be used to determine P elem and RWe measurements without introducing sig nificant error.
All data were analyzed by three-way analy sis of variance (Snedecor and Cochran 1967) .
Results and Discussion
Data are presented for 5 rainless days (August 7, 8, 9, 10, and 16) (Fig. 2) . RWe generally varied directly with P stem (Fig. 1) . Values of p. tem and RWe measured in this study ranged from -4 to -10 bars and 86 to 94%, respectively. In northern Arizona, Larson and Schubert (1969) determined RWe for ponderosa pine during a June drought. When RWC was above 90%, at the beginning of the drought, no mortality occurred. Pharis (1966) found that an R we of 43 % was lethal to ponderosa pine seedlings in the greenhouse. At the end of the present study 17 seedlings of each treatment were growing. One month later, at the ~ was no enRWC the same P. tem " .e: end of September, no mortality had occurred in either treatment.
Within the range of pressure potentials meas ured in this study a 2-3 bar difference in P. tem could have a significant positive influence on growth of 1 st-year seedlings. Photosynthesis of Pinus toeda seedlings stops at a needle water potential of -11 bars (Brix 1962 ). In addition, stomatal closure in ponderosa pine seedlings
Occurs at about 84% RWC (Lopushinsky 1969) . Reduced cell division and elongation might also be significant at moderate moisture stress levels (Kramer 1969) , and could strongly influence root growth. Seedling estab lishment is highly dependant upon deep and well-developed root systems, which increase resistance to frost heaving and second season drought (Larson 1967 ).
NOrIl!ally artificial shade, as described here, may not be economically feasible for commer cial planting of containerized seedlings. How ever, because of the apparent advantages of shading, ponderosa pine seedlings should be planted near logging debris or in natural shade. Cutting methods that provide shading overwood through the reproductive period should be favoured (Larson 1960) and logs, stumps, and brush used (Coffman 1975) . Se~dlings should be planted to allow effective shading during the midday (1000-1500 hours), but heavy over head shade should be avoided (Pearson 1950) ,
